Animals are thought to be homeostatic, as they maintain relatively constant body nutrient content independently of changes in diet. Phosphorus (P) 
INTRODUCTION
Stoichiometry theory assumes that animal species maintain relatively constant body nutrient content per unit body mass, and that the nutrient content and assimilation efficiency of consumers are relatively constant and independent from variation in food quality and ingestion rate (Sterner and Elser, 2002; McIntyre and Flecker, 2010) . This ability of a heterotrophic organism to maintain its body elemental composition relatively constant, despite varying diets, is defined as homeostasis (Sterner and Elser, 2002) . However, some studies have pointed out that in animal species organismal stoichiom etry may not be as constant as previously thought, so that consumers may not be strictly homeostatic (Hendrixson et al., 2007; Boros et al., 2012 Boros et al., , 2015 El-Sabaawi et al., 2012a; El-Sabaawi et al., 2012b; Benstead et al., 2014) .
Fish are especially interesting to study with a stoichiometric perspective, because they often have high biomasses and they thus represent important sources of nutrients for primary producers via their excretion . Excretion rates depend on the balance between the fish diet and their body nutrient content Vanni, 2002) . But fish can also represent nutrient sinks, due to their high nutrient demand and high biomass (McIntyre and Flecker, 2010; Vanni et al., 2013) . It is thus important to study the factors that control fish elemental content, to understand their role as nutrient recyclers in the ecosystem.
Deviations from strict homeostasis in elemental content has been observed among individuals within a single species and can arise from several sources, such as sex, life stage and ontogeny, diet quality, stress, and feeding history (Hendrixson et al., 2007; El-Sabaawi et al., 2012a , 2012b Benstead et al., 2014; Dalton and Flecker, 2014; El-Sabaawi et al., 2014; Boros et al., 2015) . For instance, studies on Trinidadian fish [Rivulus hartii (Boulenger, 1890) ] and guppies [Poecilia reticulata (Peters, 1859)] showed that local environmental conditions and spatial variability in elemental availability were a stronger predictor of organismal stoichiometry than the fish phenotype (El-Sabaawi et al., 2012a,b; El-Sabaawi et al., 2014) . Roaches (Rutilus rutilus L.) belonging to different lakes in Europe have been shown to vary in their elemental content, which was correlated with lake productivity (Boros et al., 2012) . From these studies it emerges that environ- mental factors can be important in regulating animals' elemental demand.
Phosphorus is one of the most important elements used to build living beings, and its uptake from the environment is consequently essential for all organisms (Sardans et al., 2012) . For fishes, besides nucleic acids that contain significant amount of P, bones and scales are also rich in this element (Vrede et al., 2004; Hendrixson et al., 2007) . Loricariids, a common Neotropical fish family, are covered with armor-like bony plates, which lead to high body P concentrations (4-6%; McIntyre and Flecker, 2010) , and therefore high P demand (Capps and Flecker, 2013) . In environments with low P availability, loricariids can thus be P-limited (Hood et al., 2005; Capps and Flecker, 2013) , even maintaining nutrient homeostasis. The role of loricariids in the ecosystem as P sources of sinks can thus depend on their body elemental content and on the nutrient concentrations in the environment.
The aim of this study is to test whether P body content in the loricariids Hypostomus jaguribensis (Fowler, 1915) is affected by the environment trophic status. To assess the potential intraspecific variation in P body content, we collected fish from two sites of the same catchment area, which presented different productivity levels and nutrient concentrations. We measured P body content of adult H. jaguribensis and also evaluated if it was associated with fish body size and body condition. If H. jaguribensis is strictly homeostatic, its body P content should not be affected by eutrophication level.
METHODS

Study area
This study was conducted in the Curu River basin, Northeastern Brazil. This basin has low water levels during the year and is subject to the effects of rainfall irregularities in the semi-arid region. The average annual rainfall is around 801 mm, evaporation of 1475 mm, and average annual temperature around 27.1°C (Gorayeb et al., 2006) . Fish were collected in an artificially perennial reach of the river Curu (03º 49'04.5" S and 39° 19' 55.4" W) and in the Xixá reservoir (03º 48' 28.83"S and 39° 20' 30.7"W) . The latter is a small reservoir in the Curu river basin, with capacity below 10 hm 3 . This reservoir is subject to anthropogenic changes (e.g., fishing, agriculture, livestock and deforestation) and has no riparian vegetation due to deforestation, thus increasing runoff.
Trophic state index
To characterize the trophic state of the two sites studied we used the trophic state index (TSI), proposed by Carlson (1977) . This index classifies water bodies in different trophic degrees, estimating water quality based on its nutrient concentration. Three variables are proposed for the calculation of the TSI (transparency, chlorophyll a, and total phosphorus), but we only used chlorophyll a and total phosphorus. Transparency was not included because it can be affected by turbidity due to suspended inorganic material; thus, its values are not representative of the state of hypertrophy (Zagatto et al., 1999) . The equations used to calculate the TSI were the same used by CETESB (Companhia Ambiental do Estado de São Paulo), following the changes proposed by Toledo et al. (1983) to adapt them to tropical rivers.
For Curu river:
For Xixá reservoir:
where TP=total phosphorus concentration measured at the surface of the water, in µg L -1
; CL=chlorophyll a concentrations measured at the surface of the water in µg L -1 , and ln=natural logarithm. The determination of the TSI is the simple arithmetic average of the indices for total phosphorus and chlorophyll a according to this equation:
(eq. 5)
Water sampling and nutrient analysis
For the determination of the nutrient concentrations, two samples of 1L of water were taken at each site, approximately in the middle of the water column near the surface. These samples were taken at the same time of the fish sampling, between January and February 2013. As we were not investigating seasonal variation, we just collected water and fish in the wet season. The jars were covered with aluminium foil to avoid altering the concentration of chlorophyll a in the sample due to the continuity of the process of photosynthesis in the presence of light. After collection, the samples were stored in polystyrene boxes with ice and kept at low temperatures (>4°C) until they were taken to the Laboratório de Efluentes e Qualidade de Água (EQUAL), Universidade Federal do Ceará, where the analytical procedures were performed.
Following the methods proposed by Eaton et al. (2005) , the concentration of ammonium (Phenate -4500-NH 3 F), nitrate (Cadmium reduction -4500-NO 3 E), nitrite (Colorimetric 4500-NO 2 B), orthophosphate (Ascorbic acid -4500-P B.5), total phosphorus (Persulfate digestion and flow injection analysis for total phosphorus -4500-P J; 4500-P E) and chlorophyll a (Epectrophotometric (10200 H) was determined in water samples. Dis- 
Fish sampling and nutrient analysis
Thirty-one and 32 specimens were caught between January and February 2013 in the Curu river and Xixá reservoir, respectively. Fishes were collected with gillnets (mesh size 50-60 mm) and casting net (mesh size 40 mm). All individuals were anesthetized with eugenol (clove oil, 0.4 mL; methyl alcohol, 3.6 mL; and water, 1.996 mL) and transported on ice to the laboratory, where they were stored in -20ºC. Total length (TL; cm), standard length (SL; cm), and total weight (TW; g) were measured. Fishes were dried whole in a drying oven at 60°C for three days. We did not remove the digestive trait, because the fishes had the time to at least partially empty their stomach before being sacrificed. After drying, the material was homogenized to form a fine, dry powder to determine body P concentration. All samples were standardized to 3.0 mg diluted in 10 mL of MilliQ water from which 5 microliters were taken for reading. Particulate P analysis from fish tissue was performed using HCl digestion followed by soluble reactive phosphorus (SRP) analysis (Stainton et al., 1977) .
Condition factor
Environmental conditions can influence length, mass and physiological state of the fish. Thus, the condition factor (K) provides important information, because it indicates the degree of well-being of fish in the environment in which it lives (Froese, 2006) . The condition factor assumes that larger mass of individuals in a given length are better biological conditions (Froese, 2006) . Thus, the value of b from the length-mass relationship [TW (total wet mass) =aSL b ] was used to calculate the condition factor. Individual values of the condition factor were obtained through the formula K=TW/SL b .
Data analysis
Student's t-test was used to assess if there were differences between the two sites in three response variables: i) P body content; ii) weight; and iii) condition factor between the two studied sites (grouping variables). We used linear regression to test for a possible relationship between P content (dependent variable) and fish length (independent variable). We ran all statistics analysis in R (ver. 3.1.2; R Development Core Team, Vienna, Austria).
RESULTS
All nutrients showed higher concentrations in Xixá reservoir and dissolved oxygen showed higher concentrations in the Curu river (Tab. 1). According to the trophic state index (TSI), the Xixá reservoir was classified as mesotrophic and the Curu river as ultraoligotrophic (Tab. 1). From now on the Xixá reservoir is referred to as the mesotrophic site and the Curu river as the ultraoligotrophic site.
The average mass of H. jaguribensis was significantly higher in the ultraoligotrophic site compared to the mesotrophic site (t=7.3; df=59.38; P<0.01) (Tab. 2). The condition factor was significantly higher for individuals from the ultraoligotrophic site than those from the mesotrophic site (t= -27.98; df=37.09; P<0.01) (Tab. 2).
Higher body P content were observed in individuals from the ultraoligotrophic site compared to the mesotrophic site (t=6.08; df=39.88; P<0.01). In both sites, there is no linear relationship between P content and length (R 2 =0. were those with intermediate size (between 12 and 14 cm from the ultraoligotrophic site and between 11 and 13 cm from mesotrophic site) (Fig. 1) .
DISCUSSION
The fish from the ultraoligotrophic site showed better body conditions, bigger sizes, and higher body P content. This suggests that H. jaguribensis does not show strict homeostasis, but that its body P content could be affected by environmental and/or physiological factors. Our results showed higher body P in fish collected in the ultraoligotrophic site, which had low phosphorous concentration in the water column. In the early stages of the armored catfish Megalechis personata, calcium accumulated twice as fast and phosphorus 1.5 times as fast in environments with low nutrient concentrations than in high nutrient concentrations (Mol et al., 1999) . The higher body P content of fishes from our ultraoligotrophic site could be reflecting the pattern of faster mineral accumulation in environments with low nutrient concentrations (Mol et al., 1999) . A correlation between body elemental composition and environmental characteristics was found in the European fish Rutilus rutilus, where body %P and %N was negatively correlated with lake productivity (Boros et al., 2012) . However, the authors found no relationship between %P and body condition.
In our study, besides higher P content in their bodies, fish from the ultraoligotrophic site showed better body conditions. This suggests that environmental conditions could be influencing the physiological status of the species. The habitat characteristics in this site (e.g. presence of shelter, mesohabitat heterogeneity and substrates) could be allowing fish to have better body conditions, since these characteristics directly influence the availability of food and reproduction success (Duarte et al., 2011; Mazzoni et al., 2010) . Catfishes are very often associated with rocky substrates, both favouring feeding and reproduction (Casatti et al., 2005; Duarte et al., 2011) . Thus, the river habitat in the ultraoligotrophic site can be favouring better physiological conditions compared to the mesohabitat site, which is located in a reservoir. At this point, we are not able to discern the mechanisms that are causing the observed differences in body stoichiometry between fish populations from the two sites. We do not know if the observed differences in body P are a direct or indirectthrough a change in the physiological status -consequence of environmental differences. Studies in controlled conditions can help discern the causes.
The P body composition of loricariids from our study sites was on average between 3% (mesotrophic Xixá reservoir) and 4.7% (ultraoligotrophic Curu River), which are in the lower range of what has been reported for other species of the family. Vanni et al. (2002) reported P body values for Loricariidae fishes to vary between 4% and 6%. Other species within the family (Ancistrus triradiatus and Chaetostoma milesi) have been reported to show body P values of approximately 4.5% (Hood et al., 2005) , while the Mexican invasive sailfin catfish Pterygoplichthys sp. presented an average P value of 5.7% (Capps and Flecker, 2013) . Our results are in agreement with those found for some of these Loricari- idae species, although some fishes from the mesotrophic site presented body P values of less than 2%. Further research should address the reasons why H. jaguribensis shows lower %P compared to other loricariids. Increase in body P content during growth can be explained by two processes. P content increases with growth due to its allocation in the bone tissue as a consequence of increased size (Sterner and Elser, 2002) . Additionally, during growth, the demand for rRNA biosynthesis, which are P-rich molecules, increases due to high ribosomal complement for extensive protein synthesis, resulting in higher P content in rapidly growing animals (growth rate hypothesis; Elser et al., 1996) (Vrede et al., 2011) . In large animals, however, P-demand could be much higher for bone construction than for rRNA synthesis (Sardans et al., 2012) , due to the high storage of P and Ca in bone structure (Pilati and Vanni, 2007) . A recent study showed that P demand in two species of fish changed through ontogeny, being mostly driven by RNA synthesis in post-embryos stages and by bone construction in subsequent stages (Boros et al., 2015) . We were expecting to find higher % P in smaller fish, due to both rRNA demand and increased bone construction, instead, especially in the mesotrophic site, smaller fish had the lowest %P values. Also, fish size showed no direct association with P body content but rather a potential P incorporation peak. In fact, for both sites, greater body % P in individuals with intermediate sizes was observed. These results suggest that there is no continuous increase or decrease in P assimilation for these fish. The higher P content in between 11 and 14 cm can be related to biological characteristics of the species. The maturation of most species of the genus Hypostomus happens between 10 and 19 cm (Mazzoni and Caramaschi, 1995) . Thus, the higher P body content between 11 and 14 cm can be explained as the need to accumulate nutrients at the beginning of the reproductive period.
CONCLUSIONS
Our study contributes to the growing body of research showing a deviation from strict stoichiometric homeostasis in fish (Hendrixson et al., 2007; Boros et al., 2012; ElSabaawi et al., 2012a ElSabaawi et al., ,b, 2014 Benstead et al., 2014) . The loricariids fish H. jaguribensis showed variations in its body P content, which were associated to environmental and physiological differences between sites. In the mesotrophic site, fish had lower P body content, worse body conditions, and smaller sizes. Differences in the organismal stoichiometry of populations from sites with different trophic status can lead to variations in the fish excretion rates, thus potentially affecting their role as nutrient recyclers. In disturbed sites, the ecological function of the species can change, with potential implications for the functioning of the ecosystem (Capps and Flecker, 2013; Spooner et al., 2013) . Future studies should investigate if the trophic status of the environment has a direct or indirect effect on the fish body stoichiometry, to pin point the mechanisms generating the observed differences. 
